
























/D LQYHVWLJDFLyQ DFWXDO HQ HO FRQWURO GH URERWV VH RULHQWD
IXQGDPHQWDOPHQWH D OD LQFRUSRUDFLyQ GH LQIRUPDFLyQ VHQVRULDO
H[WHUQD TXH FRQMXQWDPHQWH FRQ OD XWLOL]DFLyQ GH DOJRULWPRV
DYDQ]DGRV GH FRQWURO SHUPLWHQ OD UHDOL]DFLyQ GH WDUHDV HQ
PHGLRV SDUFLDOPHQWH HVWUXFWXUDGRV (VWR SRVLELOLWD DPSOLDU
QRWDEOHPHQWHHOFDPSRGHDSOLFDFLyQGHORVVLVWHPDVUREyWLFRVH
LQFRUSRUDUORV D DPELHQWHV GH WUDEDMR QDWXUDOHV R FRWLGLDQRV
(QWUH ORV VHQVRUHV H[WHUQRV XWLOL]DGRV HQ UREyWLFD ORV VHQVRUHV
GHYLVLyQSURYHHQXQDLQIRUPDFLyQEDVWDQWHFRPSOHWDGHOPHGLR
GHWUDEDMR(OFRQWUROEDVDGRHQYLVLyQGHVLVWHPDVUREyWLFRVKD





$OJXQRV GH HOORV HVWiQ EDVDGRV HQ HO PRGHOR FLQHPiWLFR GHO
URERW OR FXDO HV VXILFLHQWH HQ ORV FDVRV TXH FRQVLGHUDQ
PDQLSXODGRUHV FRQ DOWDV UHODFLRQHV GH UHGXFFLyQ HQ VXV
DFWXDGRUHV\EDMDVYHORFLGDGHVGHWUDEDMRSXGLHQGRGHVSUHFLDUVH
ODGLQiPLFDGHOPDQLSXODGRU &KDXPHWWH HW DO)HGGHPD




SDUD  DQDOL]DU OD HVWDELOLGDG 2WURV DXWRUHV KDQ UHDOL]DGR
UHFLHQWHPHQWHGLVHxRVGHVLVWHPDVVHUYRYLVXDOHVEDVDGRVHQODV




EDVDGR HQ LPDJHQ FRQ ³FiPDUD HQPDQR´ :HLVV HW DO 
+XWFKLQVRQ HW DO  EDVDGR HQ OD WHRUtD GH SDVLYLGDG 6H
DQDOL]DWDPELpQHOGHVHPSHxR/SDUDHOFDVRHQTXHHOREMHWRGH
LQWHUpV VH PXHYD FRQ XQD YHORFLGDG GHVFRQRFLGD ORJUDQGR GH
HVWDPDQHUDTXHHOURERWVHDFDSD]GHUHDOL]DUHOVHJXLPLHQWRGH
GLFKRREMHWR(VWHFRQWURODGRUSUHVHQWDFRPRSULQFLSDOHVDSRUWHV







XQDPDWUL] GH JDQDQFLD YDULDEOH SDUDPHMRUDU HO GHVHPSHxRGH




 VH WUDWD EUHYHPHQWH HO PRGHOR FLQHPiWLFR JHQHUDO GH XQ
PDQLSXODGRUUREyWLFRSODQDU/D6HFFLyQVHUHILHUHDOPRGHOR
GHODFiPDUDGHYLVLyQ\DODUHODFLyQGLQiPLFDHQWUHODYDULDFLyQ
WHPSRUDO GH ODV FDUDFWHUtVWLFDV GH OD LPDJHQ \ ODV YDULDEOHV
DUWLFXODUHV GHO URERW (Q OD 6HFFLyQ  VH SODQWHD HO GLVHxR GHO
VLVWHPDGHFRQWUROSURSXHVWREDVDGRHQOD WHRUtDGHSDVLYLGDG\
ODVFRQGLFLRQHVGHGHVHPSHxR/(Q OD6HFFLyQVHSUHVHQWDQ
ORV UHVXOWDGRV H[SHULPHQWDOHV REWHQLGRV TXHPXHVWUDQ HO EXHQ
GHVHPSHxR GHO VLVWHPD GH FRQWURO SURSXHVWR )LQDOPHQWH HQ OD
6HFFLyQVHGLVFXWHQODVFRQFOXVLRQHVGHOSUHVHQWHWUDEDMR
 02'(/2'(/0$1,38/$'2552%Ï7,&2
&RQVLGpUHQVH XQ URERW GH GRV JUDGRV GH OLEHUWDG HQ HO SODQR






OD ORQJLWXGGHOHVODEyQ,HV OD LQHUFLDGHOHVODEyQUHVHO
FHQWUR GH PDVD GHO HVODEyQ  T HV OD SRVLFLyQ DUWLFXODU GHO
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(O PRGHOR FLQHPiWLFR GH HVWH PDQLSXODGRU TXH UHODFLRQD OD
SRVLFLyQ GHO H[WUHPR RSHUDWLYR HQ HO SODQR \[  FRQ ODV
YDULDEOHVDUWLFXODUHVGHOURERWT\TYLHQHGDGRSRU












HO VHQVRU GH YLVLyQ (VWD SUR\HFFLyQ FDXVD OD SpUGLGD GH
LQIRUPDFLyQ GH SURIXQGLGDG HV GHFLU TXH FDGD SXQWR VREUH HO
SODQR GH OD LPDJHQ FRUUHVSRQGH D XQ UD\R HQ HO HVSDFLR
WULGLPHQVLRQDO ([LVWHQ YDULRV PRGHORV GH SUR\HFFLyQ XVDGRV
SDUDPRGHODUHOSURFHVRGHIRUPDFLyQGHODLPDJHQ+XWFKLQVRQ
HW DO  HO PiV XWLOL]DGR HV HO PRGHOR GH SUR\HFFLyQ GH
SHUVSHFWLYDRPRGHORSLQKROHSDUDHOFXDOVHGHILQHXQVLVWHPD
GHFRRUGHQDGDVDVRFLDGRDODFiPDUD2FWDOTXHORVHMHV;FH<F






'HO DQiOLVLVGH OD)LJXUD VH GHVSUHQGHTXHXQREMHWRSXQWXDO
R
FS FRQFRRUGHQDGDV > @ 7]RF\RF[RF SSS HQHOPDUFR
GH OD FiPDUD VH SUR\HFWD VREUH XQ SXQWR HQ HO SODQR GH OD
LPDJHQFRQFRRUGHQDGDV > @ 7 YX 


































$OJXQRV GH ORV SDUiPHWURV FDUDFWHUtVWLFRV PiV DPSOLDPHQWH
FRQRFLGRV VRQ ODV FRRUGHQDGDV GH XQ SXQWR HQ OD LPDJHQ
+DVKLPRWR3DSDQLNRORSRXORVHWDO(VSLDXHWDO
ODGLVWDQFLDHQWUHGRVSXQWRVHQHOSODQRGHODLPDJHQ\OD
RULHQWDFLyQGH OD OtQHDTXH ORVFRQHFWD )HGGHPDDQG0LWFKHOO
 )HGGHPD HW DO  \ HO iUHD GH OD VXSHUILFLH
SUR\HFWDGDFRPRSXHGHYHUVHHQ:HLVVHWDO


























































































   > @&RUJZRZZFRF SST5S   

GRQGH &RUJZS \  T5ZF VRQHOYHFWRUGHSRVLFLyQ\ODPDWUL]
GH URWDFLyQ UHVSHFWLYDPHQWH TXH UHODFLRQDQ ORV VLVWHPDV GH
UHIHUHQFLD GH OD FiPDUD \ GH OD EDVH GHO URERW /D PDWUL]
 T5ZF VHUiH[SUHVDGDFRPR ZF5 SRUUD]RQHVGHVLPSOLFLGDG
HQODQRWDFLyQ

6HDQ FZY \ FZZ ODVYHORFLGDGHVOLQHDO\DQJXODUGHODFiPDUD
UHVSHFWR GHO PDUFR GH OD EDVH GHO URERW Z2  (QWRQFHV OD
GHULYDGDWHPSRUDOGHOYHFWRUGHSRVLFLyQGHOSXQWRUHVSHFWRGHO




















































































































































































































































































































6HSXHGHH[SUHVDU ȟ HQWpUPLQRVGHODVYHORFLGDGHVDQJXODUHVT 
































































GRQGH  T-$ HVHO-DFRELDQRDQDOtWLFRGHOURERW6FLDYLFFRDQG
6LFLOLDQR \  T7$ HVXQDPDWUL]GHWUDQVIRUPDFLyQTXH
GHSHQGH GH OD SDUDPHWUL]DFLyQ GH OD RULHQWDFLyQ GHO H[WUHPR
RSHUDWLYR(QIRUPDFRPSDFWD

     RZRFR]RF  SST-TȟT-ȟ   S  
'RQGH
























































/DSDVLYLGDG HV XQD SURSLHGDG LPSRUWDQWH HQWUH OD HQWUDGD \ OD
VDOLGD GH XQ VLVWHPD \ KD VLGR DPSOLDPHQWH XWLOL]DGD HQ HO
DQiOLVLVGHHVWDELOLGDGGHVLVWHPDVQROLQHDOHV+LOODQG0R\ODQ
 /LQ  :LOOHPV D :LOOHPV E (VWH
FRQFHSWRKD VLGRXVDGRSDUD DQDOL]DU OD HVWDELOLGDGGHVLVWHPDV
LQWHUFRQHFWDGRV \ HVSHFLDOPHQWH HQ HVWUXFWXUDV HQ FDVFDGD HM
9LG\DVDJDU  %\UQHV HW DO  2UWHJD HW DO 
3DUWLFXODUPHQWH HQ %\UQHV HW DO  IXH SUHVHQWDGD XQD
VtQWHVLV GH FRQFHSWRV \ WpFQLFDV SDUD OD WHRUtD GH VLVWHPDV
SDVLYRV XWLOL]DQGR OD WHRUtD GH FRQWURO QR OLQHDO JHRPpWULFR \




(O FRQFHSWR GH SDVLYLGDGPXHVWUD GHPDQHUD LQWXLWLYD TXH XQ
VLVWHPD SDVLYR QR SXHGH HQWUHJDU PiV HQHUJtD GH OD TXH HVWi
UHFLELHQGR \ SHUPLWH SUREDU GH PDQHUD LQPHGLDWD OD
HVWDELOL]DFLyQGHXQVLVWHPDFRQHVWDFXDOLGDG(VGHFLUTXHXQ
VLVWHPD QR OLQHDO SDVLYR VH SXHGH HVWDELOL]DU VLPSOHPHQWH
KDFLHQGR XQD UHWURDOLPHQWDFLyQ QHJDWLYD GH OD VDOLGD N\Y  
FRQ !N  )LJXUD/DSDVLYLGDG HV HQWRQFHVXQDSURSLHGDG




)LJXUD6LVWHPDSDVLYRHVWDELOL]DGRFRQ N\Y  
$FRQWLQXDFLyQVHGDQDOJXQDVGHILQLFLRQHVLPSRUWDQWHV2UWHJD
HW DO  VREUH OD WHRUtD GH VLVWHPDV SDVLYRV TXH VHUiQ
XWLOL]DGDVHQHOSUHVHQWHWUDEDMR

8Q VLVWHPD GH HQWUDGD Y \ VDOLGD \ VH GLFH TXH HV SDVLYR VL
YHULILFD




 t³ EDDE 7 7YGW\Ȟ7  






3DUD XQ REMHWR HVWiWLFR RZ  S  OD HFXDFLyQ  SXHGH
HVFULELUVHFRPR

  TȟT-ȟ  ]RF S  

7RPDQGRFRPRIXQFLyQGHHQHUJtD ȟȟȟ 7
 9  \ UHDOL]DQGR OD
GHULYDGDWHPSRUDO)XMLWDHWDO
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&RQVLGHUDQGR ODYDULDEOH     Ga ȟȟȟ  WW  HQ OXJDUGH  Wȟ  SDUD
FRQWHPSODUHOSUREOHPDGHUHJXODFLyQVHSUHVHUYDODSURSLHGDG
GHSDVLYLGDGGHOUHVXOWDGRDQWHULRUFRQ TX  


7ȕGW7 t³ ȟȞX a7 
SDVLYRHVa ȞX ȟo 






 7a  9 

6HSURSRQH ODVLJXLHQWH OH\GHFRQWUROTXHHVWDELOL]DHO VLVWHPD
GHDFXHUGRDODHVWUXFWXUDJHQHUDOGHOD)LJXUD
















)LJXUD  'LDJUDPD GH EORTXHV GHO VLVWHPD GH FRQWURO VHUYR
YLVXDO
 $QiOLVLVGHODOH\GHFRQWURO
$SDUWLUGH ODHFXDFLyQ  \ UHHPSOD]DQGR ODH[SUHVLyQGH OD
OH\GHFRQWURO





   GWȜGW 7 7 ³³ t ȟȟ Ȟ.XȞ aPLQ7a   

GRQGH  .PLQȜ HVHOYDORUSURSLRPtQLPRGHODPDWUL].

3RU OR TXH GH DFXHUGR D OD HFXDFLyQ  HO FRQWURODGRU
SURSRUFLRQDO UHVXOWD HVWULFWDPHQWH SDVLYR GH HQWUDGD GH
XȞȟ oa  'H HVWD IRUPD HO VLVWHPD GH OD]R FHUUDGR GH OD





   ȕGWȜ 7  d³ ȟȞ. aPLQ  
  .Ȟȟ PLQa Ȝ
ȕGW7
 d³  

/R TXH LPSOLFD TXH ȟȞ a  HV FXDGUDGR LQWHJUDEOH 3DUD
ȟȞa XQLIRUPHPHQWHFRQWLQXDSRUHO OHPDGH%DUEDODW  VHSXHGH
FRQFOXLUTXH   a oWȟȞ \SRUORWDQWR
  a oWȟ FRQ foW 






DFRWDGD OD DFFLyQ GH FRQWURO X GHELGR D TXH VH DVXPH TXH HO
-DFRELDQR  ]RF SȟT- QRSUHVHQWDVLQJXODULGDGHV'DGRTXHVH
KDUHDOL]DGRXQDQiOLVLVFLQHPiWLFRDFFLRQHVGHFRQWURODFRWDGDV
LPSOLFDQYHORFLGDGHVDUWLFXODUHVDFRWDGDV3RUORWDQWRVHSXHGH





GH REMHWRV PyYLOHV \ VH HYDO~D HO GHVHPSHxR GHO VLVWHPD GH
FRQWURO SDUD WDUHDV GH VHJXLPLHQWR 3DUD HOOR VH FRQVLGHUDUi OD























 !d ³³ 7GWGW 77 Zȟ J  

VLHQGR   RZRFR SST-Z  ODYHORFLGDGGHOREMHWRHQHOSODQRGH








§ d a a
 ȟZȟ J9  

FRPR SXHGH YHULILFDUVH LQWHJUDQGR HVWD H[SUHVLyQ HQWUH  \ HO
WLHPSR7 \ WRPDQGR   a  ȟ9  3DUD HQFRQWUDU XQDPDWUL] GH




















5ȟ-ȟ R  »¼
º«¬
ª S  R HQ
IRUPDFRPSDFWD

 ZX5--ZT5--ȟ   *,*,   

5HHPSOD]DQGR OD HFXDFLyQ  HQ OD H[SUHVLyQ GH OD GHULYDGD
WHPSRUDO GH OD IXQFLyQ ȟa9  FRQVLGHUDQGR OD OH\ GH FRQWURO





























5HVROYLHQGR \ UHDJUXSDQGR OD  VH OOHJD D OD VLJXLHQWH
GHVLJXDOGDGPDWULFLDO
































\ GHILQLGD SRVLWLYD \ XQ HVFDODU J  WDO TXH VH VDWLVIDJD OD
GHVLJXDOGDGPDWULFLDO H[SUHVDGD HQ  3DUD HOOR VH XWLOL]D OD
WpFQLFD GH /0, %R\G HW DO  GHELGR D VX VROXFLyQ
DOWDPHQWH HILFLHQWH \ TXH KD DWUDtGR OD DWHQFLyQ GHO iUHD GH
FRQWURO \ VH KD YXHOWR XQ PpWRGR LPSRUWDQWH HQ HO DQiOLVLV \
GLVHxR GH FRQWURODGRUHV /DV  /0, VH SXHGHQ UHVROYHU
HILFLHQWHPHQWH PHGLDQWH ORV DOJRULWPRV GH RSWLPL]DFLyQ GH
SXQWR LQWHULRU 1HVWHURY HW DO $ WDO HIHFWR SULPHUR VH
UHVWULQJHHO-DFRELDQRWRWDO  ]RFSȟT- DXQFRQMXQWRFRQYH[R
WRPDQGR FRPR YpUWLFHV ORV VLJXLHQWHV YDORUHV H[WUHPRV GH VXV
YDULDEOHV > @ > @ > @^ `PD[PLQPD[PLQPD[PLQ  TTYYXX 

/DV ~QLFDV UHVWULFFLRQHV LPSXHVWDV D ODV PDWUL]. GXUDQWH HO
SURFHVR GH UHVROXFLyQ GH OD GHVLJXDODG PDWULFLDO HV TXH VHD
VLPpWULFD\GHILQLGDSRVLWLYD\QRVHOHLPSRQHODFRQGLFLyQGH
VHUGLDJRQDOFRPRHVXVXDOHQRWURVWUDEDMRV'HHVWDPDQHUDVH





PDQHUD TXH HO VLVWHPD WHQJD XQ EXHQ GHVHPSHxR HQ HO
VHJXLPLHQWR GH REMHWRV PyYLOHV SXHGH RFXUULU TXH VDWXUHQ ORV
DFWXDGRUHV GHO URERW FXDQGR H[LVWDQ JUDQGHV HUURUHV GH
FDUDFWHUtVWLFDV3RURWURODGRVLVHDGRSWDXQYDORUJUDQGHSDUDHO
SDUiPHWUR Ȗ VH HYLWDUtD OD VDWXUDFLyQ GH ORV DFWXDGRUHV D FRVWD
GHO GHVPHMRUDPLHQWR GHO GHVHPSHxR GHO VLVWHPD GH FRQWURO HQ
WDUHDV GH VHJXLPLHQWR &RPR VROXFLyQ D HVWH SUREOHPD VH
SURSRQH ODXWLOL]DFLyQGHXQDPDWUL]GHJDQDQFLD.YDULDEOH HQ
IXQFLyQGHOHUURUGHFDUDFWHUtVWLFDVHQHOSODQRGHODLPDJHQ3DUD
HOOR VHEXVFDXQDJDQDQFLD.SDUD HUURUHVSHTXHxRV \RWUD.
SDUDJUDQGHVHUURUHVDPEDVREWHQLGDVPHGLDQWHODUHVROXFLyQGH
OD GHVLJXDOGDG PDWULFLDO GH OD HFXDFLyQ  6H SURSRQH OD
VLJXLHQWH H[SUHVLyQ SDUD HO FiOFXOR GH OD JDQDQFLD. OR FXDO
JDUDQWL]D TXH OD PLVPD VH HQFXHQWUH HQ FDGD LQVWDQWH HQ XQ
FRQMXQWRFRQYH[R









 D  GRQGH
PD[
aȟ HV HO Pi[LPR HUURU GH
FDUDFWHUtVWLFDVHQHOSODQRGHODLPDJHQ(VWRJDUDQWL]DTXHWRGD
PDWUL]  . FXPSOD FRQ OD FRQGLFLyQ GH GHVHPSHxR J  3DUD
HUURUHV JUDQGHV VH WROHUD XQ J  PD\RU SDUD HUURUHV SHTXHxRV


















/RV YDORUHV GH ORV YpUWLFHV GHO -DFRELDQR VRQ ORV VLJXLHQWHV
St[HOPLQ X   St[HOPD[  X  St[HOPLQ Y  



















 . FRQ  J 

(VWDV PDWULFHV IXHURQ HQFRQWUDGDV VLJXLHQGR HO SURFHGLPLHQWR
H[SOLFDGRHQOD6HFFLyQ

/D H[SHULPHQWDFLyQ FRPLHQ]D FRQ OD FDUDFWHUtVWLFD LQLFLDO> @  ȟ St[HOHV \ VH HOLJH SULPHUR OD UHIHUHQFLD> @  Gȟ St[HOHV\GHVSXpV > @  Gȟ St[HOHV$
SDUWLUGHOWLHPSR VHJW  FRPLHQ]DDPRYHUVHHOREMHWRFRQ
XQDYHORFLGDGGHVFRQRFLGDGHDSUR[LPDGDPHQWH PPVHJ (Q
ODV ILJXUDV  \  VH PXHVWUDQ ODV HYROXFLRQHV GH ODV




REMHWR VHJW ! VHSXHGHREVHUYDUTXHHOFRQWURODGRUWUDWD
GHPDQWHQHUHOHUURUGHFDUDFWHUtVWLFDVORPiVFHUFDQRDFHUROD
QRUPDGHOHUURUHQHVWHFDVRHVWiSRUGHEDMRGHSt[HOHV(QODV
ILJXUDV  \  VH PXHVWUDQ ODV DFFLRQHV GH FRQWURO SDUD ODV
DUWLFXODFLRQHV T  \ T  VH REVHUYD TXH QLQJXQD VXSHUD ORV
YDORUHV GH VDWXUDFLyQ  UDGVHJr  (Q OD )LJXUD  VH
PXHVWUD OD HYROXFLyQ GH OD FDUDFWHUtVWLFD HQ HO SODQR GH OD
LPDJHQGHVGH ODSRVLFLyQ LQLFLDOKDVWD ODSULPHUDFDUDFWHUtVWLFD
GHVHDGD\GHVSXpVKDVWDODVHJXQGDGRQGHFRPLHQ]DDPRYHUVH
HOREMHWR6HSXHGHREVHUYDUTXHHOFRQWURODGRUGLVHxDGRWUDWDGH
OOHJDU SRU XQ FDPLQR UHODWLYDPHQWH GLUHFWR KDFLD HO SXQWR GH
FDUDFWHUtVWLFDGHVHDGR


















)LJXUD(YROXFLyQGHODFDUDFWHUtVWLFD ȟ \ Gȟ 

















































































































)LJXUD  7UD\HFWRULD GH OD FDUDFWHUtVWLFD HQ HO SODQR GH OD
LPDJHQ
 &21&/86,Ï1
(Q HVWH WUDEDMR VH KD SUHVHQWDGR HO GLVHxR \ DQiOLVLV GH
GHVHPSHxR / SDUD XQ FRQWURODGRU VHUYR YLVXDO EDVDGR HQ OD




PDWUL] GH JDQDQFLDV QR GLDJRQDO TXH SHUPLWH FRQVLGHUDU ORV
DFRSODPLHQWRV HQWUH ORV GLVWLQWRV HOHPHQWRV GHO URERW \ DVt
PHMRUDU HO GHVHPSHxR GHO FRQWURODGRU FRPR DVt WDPELpQ OD
XWLOL]DFLyQ GH OD KHUUDPLHQWD /0,7RRO SDUD HQFRQWUDU GLFKD
PDWUL] GH JDQDQFLD TXH FXPSOD FRQ ODV FRQGLFLRQHV GH
GHVHPSHxR/$GHPiV VHSURSXVR ODXWLOL]DFLyQGHXQDPDWUL]
GH JDQDQFLD YDULDEOH TXH SHUPLWH HYLWDU OD VDWXUDFLyQ GH ORV
DFWXDGRUHV DQWH JUDQGHV HUURUHV GH FDUDFWHUtVWLFDV
PDQWHQLpQGRVHHQ WRGR LQVWDQWH WDQWR ODSURSLHGDGGHSDVLYLGDG
GHO VLVWHPD GH FRQWURO FRPR DVt WDPELpQ ODV FRQGLFLRQHV
HVSHFLILFDGDVGHGHVHPSHxR/

/RV UHVXOWDGRV H[SHULPHQWDOHV UHDOL]DGRV HQ GRV JUDGRV GH
OLEHUWDGGHXQURERWPDQLSXODGRU LQGXVWULDO WLSR6&$5$%RVFK
65 PXHVWUDQ HO EXHQ GHVHPSHxR GHO VLVWHPD GH FRQWURO
SURSXHVWR \ OD REWHQFLyQ GH ORV REMHWLYRV GHO GLVHxR  FRQ XQ
FRQWURODGRUGHHVWUXFWXUDVLPSOH\IiFLOLPSOHPHQWDFLyQ
$*5$'(&,0,(1726
/RV DXWRUHV DJUDGHFHQ DO &RQVHMR 1DFLRQDO GH ,QYHVWLJDFLRQHV
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